compact size and velocity tunability, can result by exploiting kinetic inductance ( L~), which is due to the inertial mass of the current carriers in a conductor. The difficulty in observing Lk in a normal wire is evident by considering that the resistance per unit length of a conductor of cross-sectional area A is R = m/(ne2)(l/A)(l/r).
At frequency U, the kinetic reactance per simplest form, is aL~= rn/(ize2)(l/A)ti
(1) unit length, in
where m, n, e, and T are the mass, density, charge, and collision time of an electron. Only if the conductor is superconducting is a > 1/r for microwave frequencies, and hence the kinetic reactance can dominate the resistance.
The slowing of an electromagnetic wave on a supercon- 
where c is the speed of light in vacuum, E, is the relative permittivity, t is the superconductor thickness, and the subscripts 1 and 2 refer to the strip and ground plane, respectively.
In order to minimize the phase velocity, it is desirable to have d << Al, d < A2, tl << Al, and t2 << A2.
Expressions for the group velocity and the frequencydependent losses of the superconductors exist [7] , [8] .
Except for frequencies near the gap frequency, it has been shown that the differences between the two-fluid and the
Mattis-Bardeen models are minimal [9] . The dielectric loss of the microstrip has been found to be the dominant loss and for these reasons the simpler two-fluid model is used U.S. Government work not protected by U.S. copyright The velocity given by (3) can be compared with the expression in terms of capacitance per unit length (C) and inductance per unit length (L) where
given by the parallel-plate expression
It follows that L is given by
where co and p~are the permittivity and permeability of free space. The first term of (8) An examination of (9) and (10) It was found that in order to have a repeatable contact it was necessary to melt some iridium on the Au contacts.
The sample was mounted in a fixture which used 0.141-inch semirigid coaxial cable with a spring-loaded center conductor to contact the contact pads perpendicular to the substrate surface. The test fixture was then mounted in a cryostat with 110-cm coaxial cable feedthroughs to room temperature. The time-domain response of the line is shown in Fig. 4 Fig. 4 , where small pulses can be seen halfway between the major pulses of both pulse trains. This behavior was attributed to a short parallel transmission path between the input and output ports of the delay line. Two paths exist; one is a crosstalk between the center conductors of the input and output coax at the transition to the microstrip, which was modeled by the parallel combination of a capacitor and a lossy inductor. Due to the near field of the cryogenic environment, these parameters were determined by best fit to the data. The second parallel path is through the substrate, :since the "ground plane" of the microstrip was not actually at ground potential but was connected to ground through the superconducting film which has an associated Lk. This second path was modeled by a short capacitively coupled transmission line between the input and output port contact pads of the delay line. Fig. 5 shows the forward ancl reverse transmission pulses due to the parallel conduction paths for a control device in which the delay line was not connected.
IV. EXPERIMENTAL RESULTS

Frequency
The equivalent circuit is shown in Fig, 6 . The delay line was modeled by a floating transmission line 20.1 cm long.
The c, and Z, of the transmission line were allowed to vary with temperature to account for the temperature dependence of the penetration depth. The line loss was modeled as a shunt conductance for each frequency band, but was allowed to vary with temperature and the frequency band in order to achieve a best fit. A resistor, R., at each end of the delay line modeled the contact loss to the input VI.
DISCUSSION
Time-domain and frequency-domain measurements were used to accurately measure the phase velocity of the delay line. For the delay line under consideration, it~as assumed that both superconducting films were 145 A thick.
It was further assumed that both films had the same T, and )(~. Thus (9) and (10) were used to analyze 'the measured results and the data extracted using the equivalent circuit model. The measured phase velocity, normalized to the speed of light in vacuum, is shown in Fig. 7 as a function of temperature. The circles represent the measured values while the solid line is the predicted response using (4) then it follows from (4) and (10) that upo/up = A/xo= (e=/ceo)l'2
where Upoand~,0 are up and f~at 0.0 K. Similarly, using (4) and (9),
where Z.. is Z, at 0.0 K. Eauations (13) and (14) 
The values found from the circuit model and listed in Table I are plotted in Fig. 9 and compared to the theoretical plots of (15) given by (15) and (16) 
